A two-dimensional (2D) photochemical model (latitude range from -85 ø to + 85 ø and altitude range from the ground to 0.23 mbar (about 60 km)) has been used to investigate the influence of dynamics on model results. We tested three representations of atmospheric transport to simulate total ozone and 14C amounts after nuclear tests in the early 1960s. We also simulated three scenarios of NO x injections from a proposed fleet of stratospheric aircraft and their effects on ozone. The three dynamical formulations used were Dynamics A, a base dynamics used in previous work with this model' Dynamics B, a strong circulation dynamics discussed by Jackman et al. Stratospheric 2D models are used primarily to assess and predict total ozone levels in the atmosphere. A major requirement of these models therefore is a good simulation of total ozone. Several 2D models have achieved a reasonably good qualitative representation of the total ozone seasonal behavior when compared to total ozone measurements [e.g., 
. Measurements of some species are especially useful to check the photochemistry of 2D models (e.g., OH and HO2) while measurements of other species (e.g., CFC13 and N20) are more useful to check the transport (advection and diffusion) of 2D models. Many stratospheric constituents are controlled by both transport and photochemistry, thus if there is a disagreement between model and measurement, it is often very difficult to decide which model aspect (transport or photochemistry) is in error.
Stratospheric 2D models are used primarily to assess and predict total ozone levels in the atmosphere. A major requirement of these models therefore is a good simulation of total ozone. Several 2D models have achieved a reasonably good qualitative representation of the total ozone seasonal behavior when compared to total ozone measurements [e.g., Other atmospheric constituents which provide checks on the model dynamics include inert tracers. The radioactive isotope 14C has a half-life of 5730 years [Warneck, 1988, p. 573]. Although recent observational [Tans et al., 1990] and modeling [Shia et al., 1989 ] evidence has cast doubt on the relative importance of the oceans as a loss of carbon (relative to the continents), we have assumed that the oceans are the only significant means for surface loss of carbon and hence 14C. Carbon 14 is rapidly converted to 14CO2 which is photochemically inactive in the troposphere and stratosphere.
The remainder of this paper is divided into seven sections. We discuss the atmospheric model employed in our research and the three dynamical formulations in section 2. Compar- given in section 6, while discussion and conclusions are presented in section 7.
MODEL DESCRIPTION AND DYNAMICAL FORMULATION
The 2D model used in this study is described by Douglass et al. [1989] and applied in an assessment of the atmosphere for a chlorine perturbation in Jackman et al. [1989a] . The model vertical coordinate is between the ground and 0.23 mbar (approximately 60 km), equally spaced in log pressure, with about a 2 km grid spacing, and the horizontal coordinate is from 85øS and 85øN with a 10 ø grid spacing. The lower boundary conditions for the year 1980 are given in Table 1 for the model background: •2.5 parts per billion per volume (ppbv) Clx input at the ground. Simulations of other years include different lower boundary conditions and will be discussed below. The upper boundary conditions were assumed to be zero flux for all species. Reaction rates and photodissociation cross sections are taken from DeMore et al. [1987] and given by Douglass et al. [1989] .
Three different dynamical formulations, Dynamics A, B, and C, were used in the model calculations. Both Dynamics A and B are described and applied to a chlorine perturbation by Jackman et al. [1989a] and are referred to as the "combined circulation" and the "strong circulation," respectively. Dynamics C is described by $hia et al. [1989] . When used to simulate the behavior of •4C, the three different dynamical formulations produce medium, large, and small advective mass exchange from the stratosphere to the troposphere.
The Dynamics A residual circulation is computed using heating rates and temperatures in the method formulated by Dunkerton [ 1978] . Heating rates are taken from Rosenfield et al. [ 1987] for pressures less than 100 mbar and from Dopplick [1974, 1979] The tropospheric Kxx and Kzz levels are also different for In a time-averaged global domain the residual circulation can be used to provide at least a crude estimate of the mass exchange between the stratosphere and the troposphere. Table 2 Figures 3b, 3c, and 3d) . The solid curve in Figure   3 shows this result for the balloon measurements of •4C [Johnston, 1989] . Figures 3b, 3c, and 3d) Table 2 ).
Simulation of •4C with Dynamics B (see dashed-dotted curve in

Kinnison [1989] found a better simulation of 14C with a
sharper transition in eddy diffusion at the tropopause. We ran a model sensitivity experiment in which Dynamics A was used with the sharper transition at the tropopause from Dynamics C. Carbon 14 was slightly better simulated in this modified Dynamics A simulation, but we conclude from this model experiment that the magnitude of the advective component of the strat/trop exchange rate is even more important than the severity of the eddy diffusion transition at the tropopause.
We also ran a model sensitivity experiment in which the eddy diffusion (both Kyy and Kzz) was taken from Dynamics These results for 14C imply that both advection and eddy The lower boundary conditions for the transported constituents are given in Table 4 . The source gases C2C13F 3, C2C12F4, C2C1F 5, CHC1F 2, CBrC1F 2, CBrF3, and CH3Br were added to the model. A baseline computation with no stratospheric aircraft was completed for each dynamical formulation before the scenarios of stratospheric aircraft were input. All model computations were for 20 years which gave a steady state annual condition. The baseline and perturbed steady state annual conditions were then compared with each other.
The total ozone change predicted for the three different dynamical formulations is given in Figure 7 for scenario (a). For Dynamics A (see Figure 7a) , total ozone decreases larger than 2% are predicted for all latitudes north of 30øN and for the spring, summer, and early fall time period at 60øS. The total ozone decrease in Dynamics B (see Figure  7b ) is much smaller with ozone decreases greater than 2% during about 9 months of the year but only at polar latitudes. Total ozone decrease with Dynamics C (see Figure 7c ) is the largest with changes greater than 2% for all but a narrow region in the southern hemisphere tropics.
Total ozone change was also computed for two other scenarios, (f) and (#), for the three dynamical formulations. A yearly average global total ozone change was computed for all three scenarios and three dynamical formulations and is given in Table 5 . We can summarize by stating that the smaller the advective component of the strat/trop exchange rate the larger the ozone depletion predicted by the model computation. Another way of stating this is: When the mass flow through this lower stratosphere is slow, the residence time of NOx is longer, and therefore the level of the NOx aircraft perturbation will be larger, leading to greater ozone loss.
DISCUSSION AND CONCLUSIONS
We have performed other sensitivity studies with these three dynamical formulations. Since 2D models in the past several years have been used to simulate the effect on stratospheric ozone in an environment of increasing Clx [e.g., WMO, 1990], we investigated the influence of these different dynamical formulations on a Clx perturbation. For these studies we increased C1 x through the trace gases from 2.5 to 8.2 ppbv, CH 4 was doubled, and N20 was increased by 20% (see Table 1 ). The yearly average global total ozone decrease for Dynamics A, B, and C was -2.4, -2.1, and -3.0%. When the advective component of the strat/trop exchange rate was small, a larger ozone decrease was computed.
The change in total ozone decrease from the different dynamical formulations is much less for a Clx perturbation (at least one resulting from source gas changes) than for a lower stratospheric NOx injection. The ozone decrease from the C1 x change ranges over about a factor of 1.4 for largest over smallest (-3.0/-2.1%, see above). The ozone decrease from the NO x injection due to stratospheric aircraft varies from a factor of 8 (-1.2/-0.14%, see Table 5 ) for scenario (f) to a factor of 2.6 (-7.6/-4.1%, see Table 5 ) for scenario (g).
We have compared model predictions to other constituents of the atmosphere besides total ozone and 14C. These comparisons included profile solar backscatter ultraviolet (SBUV) ozone data, limb infrared monitor of the stratosphere (LIMS) NO2 and HNO3 data, and stratospheric and mesospheric sounder (SAMS) N20 and CH 4 data. These is included in simulations with an imposed sulfate aerosol layer, then strataspheric aircraft may increase ozone. This provocative result indicates that we still do not totally understand nor are we able to indisputably predict with present-day models the effects of strataspheric aircraft on ozone. More laboratory work and model simulations are necessary to help quantify the influence of these high-flying aircraft.
